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10022] The content of the memory is shown m table form. The first row is an address 
expressed in hexadecimal, and the second row is the content of memory. Accords to 
the present invention, this memory is divided into two mam reg,ons. 
A first region Zl of fixed svze contains parameters and data for carrying out typcal 
control of displaying stored in a fixed address. 

[0023] A variable-size second region is drvided into spaces Bl, B2 and B3 etc. Th.s s 
referred to later as a -buffer". The "buffer" contains parameters and data relate* to 
displaying of various characters of a scree, page stored at random addresses. An 
address of a buffer corresponding to a line displayed at the end of the screen page ,s 
stored m a first region 1 of the memory. The buffers are connected by paramete „ 
contained in each buffer, i.e. by subsequent buffer addresses. Namely, each buffer has a 
buffer address containing data corresponding to the next fine displayed on a screem 
[0024, More specificailv, overall attributes are contained in the first address 0000b to 
0003b in the first regLOn Zl. The first two bytes stored in addresses 0000b and 0001b 
constituting the first srxteen bits are default transparent value, < 
default colors for regions of the screen where characters are no, delayed. The defau t 
color is defined by 9 bits (three hits for red, three bit* for green, three b,te for blue). 
When the contents of memory are initialled, it is possible to select from a combmafcon 
of 512 colors. The transparent value is defined with three bits, fiom a completely opaque 
state in the event where only a signal displaymg a default color is displayed, and e,gh 
possible states of transparency up to a completely transparent state where only a vmeo 
signal is displayed. 

[0025] The overall attributes contain two bytes storing a first buffer address contennng 
dispiay data for the aforementioned first row m the address 0002b and 0003h. In thts 
embedment, the first address is 0084b. The first region Zl contains a f"*J>°' 
palette in address 0004h and 00 2 3h, and a background color paiette m addresses 0024b 
and 0043h. These palettes are capable of storing sixteen character foreground colors 
and sixteen character background colors, and an own color is defined using two bytes 

from 512 colors. . 
[0026] The whole of the two bytes are not used in defining the color but rather mne brfs 
are used as with the default color. Certain hits may therefore be utilized in handbng o 
transparency of characters of the foreground and background as with the underhnmg of 
the characters. In order to select an appropriate specific color, for example, an address 
corresponding to encoding using four bus of the palette for the foreground color ts stored 
together with the characters, and is sufficient if the content of the palette ,s read. 
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,00271 It is also possiMe to store an extension palette for the foreground color and 
^a- i nf FTG 3 the extension palettes are stored in region Zl of addresses uu44n 

character background colors. When this region exists, this region Zl rs of a fixed 

and is stored at . tad address. ^ ^ ^ ^ 

[0028] The second region Z2 oi the memory ui . . ^ 

(buffers Bl, B 2 and B3 etc. Each ofthese contain data relate » rows ofch— 

F„oh buffer has the next buffer address described above at the parameter, and the 
Each buffer has the ne characters 
of the buffers within the memory bears no relation to the order 

uisplayed on the screen. Each buffer has data of three formats- - buffer size, add. s of 
Xr for subsequent processing, and number of hits allotted to —on ofeach 
character in control parameters used by a display controller describe later. 
[0029] • Parameters for deciding external appearance of row of characters and 
diction of positron of row on screen (character display attributes), and • data 
correspondmg to delayed character, ^ ^ ^ 

The size of the second region Z2 changes as a ret,u 

Ine size oi h llf f ers This number depends on the 

Ich serin page. Next, it is possible for the sr. of the buffer to change. The buffers aU 
hat Tst poHions of fixed sizes of eight bytes, and have parameters es„ 

rows. As shown, for example, in FIG. 3, the first portion is from address 0084h * 0091b 
Tbuffer Bl, from address 01021 to 0109h at buffer B2, and from address 0118b to 
0 25^ buffer B3. The buffers also have second portions of variable sizes. The second 
2 also contains display attributes (color, size, shape, flicker etc in accordant 
Z character code of a delayed line and selected da, encoding mo e. As * w m 

FIG 3 the second portions are from address 0092h to OlOlh, address OUOh to 0017h, 

and address 0126h to XXXh for Bl, B2 and B3, respectrvely. 

,00301 A more detailed description o, the buffer content* is now given u.in g : Fia 

Tand (C) showing the contents of buffer Bl to buffer B3 of FIG. 3. Further, FIG. 5 

the present invention. The first portions ofeach buffer have the same size and structure 
in each buffer, and are therefore only described once using FIG. 4(A). 
( oatnG 4W shows each byte of buffer B.. The bytes are grouped into pairs forming 
£ M ^oups. This is simply for ease of desertion. The buffers Bl contain data 
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relating to the displaying of row El in FIG. 5. The rectangle 2! showing an image 
d lyed on the screen of the television. The first parameter stored in addresses 00 4h 
rLhof the memory decides the vertical position of the row ^ 
parameter contain the T. V. line numbers for which displaying of row R! start. Tta 
L is reference number U of FIG. , In th,s embodiment nothing isstered for , 10 te 
15 but in reality these bits can be used to store other parameters. The TV. num 

s used The following two bytes of the buffer Bl are the attribute for the hape o the 
rfro, bit 0 ,0 bit 7, parameter ARSV for bit S to 11 and AREV for bit te b* . 
ARSV and AREV are capable of defining the first and final vahd hues of the chara er 
m!L Various types of character font are stored in matrix format m a character fo 
TeXnly memory. The aforementioned parameters are used in specific cases sud, 
In characters are not dUplayed at aU such as, for example, with a scroll menu, et.. 
lil event, the first and !ast lines of a character matrix it is wished to display on the 
screen are displayed using parameters ARSV and AREV. 

^321 The b^es storing attributes of shapes for lines for bit 0 ,0 bit 7 are such tha 
ZL hits Gaining various items of information make characters Mash or make th 
Varies of the peripheries of the shapes of chapters black, or make paramete * 
controlling the external appearance of characters on the screen such as the smoothness 
1 of the edges of characters valid or invahd. When these parameters are made invalid 
helanno, be used at a row. On the other hand, when these parameters are mad 
it is possible to use these parameters in rws via display parameters sto« 
^her with the characters. Other bits define the si. of the characters ^ one tnnc/^o 
mTes height, one time/two times width). Other bits are taken to he capah e ofsel ct ng 
rls 0 matrices defining character styles. In this way, characters can be recorded m 
a 9 x 13 fundamenta! point matrix format in the case of a certain apphcabon (for 
InU drying of text using the Latin alphabet etc.) and in an !8 X 26 P— 
Tat In the case ofother applications (for example, displaying of graphics symbols and 

Iding data transmitted by the second portion of variable si. of the buffer. Accorfcng 
Z preferred embodiment of the present invention, there are three data encoding 

m0<l A serial »c4e where one byte is saved per character, capable of storing display 

attributes between words of the same row. 

a"1i mode where two bytes are saved for each character, with the first byte 
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containing a character coae and the second byte containing code for a character color 

""nded par*. mode fa extending chafer fonta .1- three *»> » 
5av edT«, with the first two bytes being the same as for parallel * and 
the third byte constituting additional attributes. , n 
[00341 Simple parallel mode encoding is selected at the buffer Bl, a 

, ^ „ OY f iq stored in addresses 0088n ana uuo^m. 

the following. Abuffer address passed next . stor d 
Inthi S embodiment,abufferhasdataforrowR2ofFIG.5.f. y, 

buffer B2 of 0102b. This address is stored using eleven bits as shown in FIG. 4W) and 
;!pable ofexpressing 2048 different addresses. This is appropriates „h re t^ 
m axlum - of the memory is two . - * ^ 

the next buffer address because bit 10 to bit 15 are not 
o? Iximum si. of 04 fciloby.es is possible. A description of the .first portion 
Tf buff" Bl is now continued. The ten bits for the horizontal shift parameter define the 
2Z of pLels * of FIG. 5 between the bead of the video line and the start of display 
°f le lw NCR o, six bits expresses the number of chairs of a row. 

Ci:: rZ=d - addresses 0000b and 00 9 lh. Row Rl contains five characters 

[0035] The second portion of the buffer Bl is arranged at 

is encoded in parallel mode as described above. Each character of row Bl is thereto 

SnCM ' l t e The first bvte of bit 1 to bit 7 contains the character code, and 
stored using two *~ The *r £ ^ ^„ 

the second byte of bit 8 to bit id nab a 

palette) and has an address of a background color palette. Similarly, this has RR 
palette) ana n surface and a foreground 

^JZZZZZ ennrr— - foreground colors for related 

^^^^^^^^^^ 

fnllowine as "palette address attribute". 

S rsh wn in row Bl of FIG. 5, encoding in this parallel mode ,s capable of 
colors Of characters in ^^J^^^lZ 

TaCrss 0120b . 0100, This „ the same and has the same parameters as 
for the first portion for buffer Bl described above. 

The Lnd portion is encoded using serial mode. This encoded mode . . s h tha 
L first two bytes o, the second portion (in this embodiment, address U0h and 
Olllh) contain serial attributes. These serial attributes have two format, Aforeground 
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1, attribute containing an address - a foreground ^ 

serialattnbutecontaminganadd^^ 

formate contain bite denning the appearance of characters 

italics, etc.). characters. In addition to the 

[nnisl In this embodiment, row R2 has a single word of six characters 

[0038] In this em ^ ^ ^ ^ appearancea 0 f the 

sena, attributes and 2 henrg ^ ^ ^ 

row R2 are defined. The <*«™*» event that „, ws 0 f 

0117 h of the second portion of he n« r B, Howeve^ ^ ^ ^ 

characters contain severa ' d „ nd 0 f cha racters 

oharacters in the case of a B3 eModing 0 f data for 

toO*. F.G. 4<C shows the entente of bu* B • ^ ^ ^ ^ ^ 

the third mode descnbed above. Tto - » ^ ^ ^ the 

hnffer B3 is arranged at address 0118h to 0 125h ^ ^ 

same parameters as the first ^^^ZLor* »«*- ° f *« " 3 ' 
in transmitting data relating to ~ extended oaraUe. 

Th * tbyte — ^^"Lss attributes described previously 
^ It The extended parallel attributed contain hits enabling 

n order to select foreground and background extended color p^ettes <re *n U «M 
2 ) and in order to control a certain type of appearance (shadow, flashmg) 

characters on the screen. appropriate for 

100401 It should be noted that the content of the buffer B3 is not app P 

[00401 It sh0Ul Thi8is because the same character constrtufng a Une of a 

displayngrowMofFIG.5 Tins t he same results are obtained, and serial 

single color is repeated ten tunes. In this ft 

mode encoding is appropriate because only a small ^amount _ot ry 

simple paraUel mode ,s eouivalen „ ^nng ^ ^ 

structure for the random access — on yolume adjustm ent. 

[004!, FIG. 5 shows an J^, The user may then perform 

A user operates a remote control to cnange 
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adjustment to provide improved viewing by moving the cursor of .row E4 along the line 
for row R3. As shown in FIG. 5, by using the present invention, at a first screen page 
r „„s of characters of different lengths and heights in regards to the number of 
characters and having different co.ors and forms each row are possible. It is possible to 
have memory optimized in accordance with an actual request for displaying. 
[0042] FIG 6 shows a device for controlling character display for a video system in 
accordance with the present invention. This device is principally comprised of a Central 
Processing Unit (CPU), display control unit (DCU) and random access memory 
(OSDRAM) The OSDRAM is common to the CPU and the DCU and the content is of the 

, • i i.- * utp i an A T?TO 4(A) (B) and (C). This random 
form described previously in relation to FIG. 3 and J? lb. 4UU, uw a , v 

access memory may be dedicated to a character display function or may be a typically 

used portion of memory. 

[00431 The random access memory SDRAM is connected to the central nncroprocessor 
CPU by three buses. An address bus runs from the central unit CPU to the memory 
OSDRAM. [0044] 

[Example l] ctoqo 
[0045] This is a bi-directional data bus BD1 capable of read accesses and write accesses 
via the central processing unit, and a command bus BC1 indicating this in the case of, 
for example, the data bus reading or writing from the central unit to memory. The 
random access memory OSDRAM is connected to an address bus going to memory 
[0046] 

[Example 2] , 
[0047] and the display control unit DCU by a data bus BD2 going to the display 
unit The unit DCU in reality only reads out from the memory OSDRAM. TypKally, the 
operation of the device is as follows. The central unit CPU writes content contannng 
data to be displayed and control instructions to memory as requested at screen page 
displaying. The displaying is controlled independently as a result of the unit DCU 
reading on, data from memory, and it is not necessary for this to take place « the 
central unit CPU if the content of the screen page does not change. 
[00481 The function of the control unit DCU is to read out relating data and parameters 
from the memory SDRAM. These can then be rearranged in real time at various units 
for displaying characters on a screen of a video system. This is because the ^ display 
control unit DCU is connected to read-dedicated memory ROM storing character fonts 
via the buss CC transmitting the character codes. These character codes corresponding 
to the addresses corresponding to character matrices of the memory ROM? are stored 
using 9 X 13 and 18 * 26 base point, The first role of the DCU is to read out character 
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codes stored in the buffer transmitted via the bus CC described above 
[00491 Further, the display control unit DCU ,s connected to the pixel processor PP by 
two buses. There are a bus AC transmitting color attributes and a bus AF transnu tmg 
shape attributes. The attribute bus has the same size as the srze of the color palette 
Stored in the first portion Zl of the memory OSDRAM. This i. the transnnssmn of « , tat 
indicating either the color of a palette or a default co!or defined by an overall attnbute 
of the memory OSDRAM. 

[00501 Specially, the unit DCU reads the content of a buffer stored m the second 
portion of the memory OSDRAM in order to display a row of characters. For example, > 
a palette address attribute is included in a buffer of the format of buffer B2, the unrt 

DCU sends these palette addresses using a bus [0051] 

[Example 3] , 
[0052], receives the content of the palette using the bus BD2, and transnuts tMs to the 
bus AC The shape attribute bus AF contains information relating to appearance of 
screen characters such as size, flaslung, black boundanes of the range of shapes, and 
italics etc. This information is partially derived from shape attnbutes for Unes stored m 
the first portions of each buffer (for example, character size for a row is defined by tins 
attribute) or from serxal attributes or extended attributes using selected data encoding 

modes. . , . 

[0053] The character font memory ROM described above transnuts matnxes 
corresponding to characters to the shift register REG. The dnft raster REG transits 
lines of a matrix to a pixel processor PP every bit. The pixel processor PP processes 
signals R, G and B containing characters to be displayed based on these data bxts and 
control bits sent by the bus AC and AF. , . " 

[0054] The pixel processor PP processes an insertion signal FB indicating hxgh-speed 
blankmg usmg the content of certain color attribute bits and the insertion signal FB ,s 
capable of insertion of text displayed in place of a video signal or of displays of text for 
transparent mode relating to a video signal. The control unit DCU i. made to operate by 
two time-base clocks, and is capable of operating vertical and horizontal poeitrcna of 
characters on the screen. The first time base is comprised of a vertical position counter 
CPT1 The vertical position counter CPT1 receives a horizontal sync signal H Sync at 
clock input CK and receives a field sync signal V Sync at the reset input RAZ. The 
signals H Sync and V Sync come as video signals inserted with characters. The second 
time base is comprised of a honzontal position counter CPT2. The horizontal pos^on 
counter CPT2 receives a pixel clock H Pix at the clock input CK based on a frequency , of 
50Hz if, for example, a video signal is encoded using a European standard (PAL, 
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SECAM), and receives a line sync signal H Sync at a reset input RAZ. 
[00551 The operation of the device described above essentially includes the following 
teps In a first step, the random access memory OSDRAM is divided into two portions 
by the CPU for each new screen page to be displayed. Namely space reared to store 
the first portions Zl (Zf if an extended color palette is used) ,s reserved. Ne* th 
content of the first portion of memory is initialized. The display control unit DCU 
capable of reading default colors relating to initially displayed rows at the first buff 
address and data stored for various palette color value, These color values may b 
initialized every screen page or may be made to not change over the course of sever^ 
screen pages. The central unit CPU at least replenishes the content of the firs, buffer 
corresponding to the first row to be displayed. 

[0056] In the next step, operation of the display control unit DCU is started using the 
signal RS for starting reading of the first buffer address re,uested by the processmg 
ulg the DCU and using several other initial parameters. Next, the central unit CPU 
and L display control urn, DCU operate in parallel until the final row of the screen 
page is stored in the memory OSDRAM. 

0057) On the other hand, the unit DCU carries ou, processing on the current buffer 
content (the first buffer first) in order to display a corresponding row on the screen^ 
the other band, at the same time, the central unit CPU puts in ^«^"^ 
buffer, i.e. the content of the buffer containing data relating to the next row to be 
displayed to be processed by the DCU soon after the current buffer. These - ^ 
are then written te the memory OSDRAM starting from the address delayed at the 
address field of the buffer following the current buffer. When the ^ / 

completely written to, and delaying ofthe current buffer ends, an interrupt — 
for processing for the buffer Mowing the current buffer to start ,s generated a h 
display control unit DCU. In this way, this processing continues in a loop un ,nhe 
buffer having data for the fina. row o, the screen page is filled up. When the unit DCU 
completes processing for displaying the row for the final, screen, an .nterrupt 
generated, and the unit DCU is initial. In this way, processing for the first buffer 
then started again. 

[0058, in the event that the screen page does not change, the DCU continues P— 
for the buffer containing data constituting the screen page so as to go m a loop w.thou 
going via the central unit CPU. In this way, the CPU is free to carry out other 
pressing. The first step described above is then returned to when a new screen page ,s 
displayed. A description .s given of each buffer having data relating to displaying of 
Jen page rows but it is also possible to select each bufferto store data relatingto each 
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character set belonging to one (the same) screen page. 
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f3H§&. HU^K^ttSbliffl^^y^S:^^^^ 
[0 0 0 6] llT\ S0\ ^2©«i^ofc*VX 

y^-fex^^ytD«jgtcfHbT2o^^ 0 si©as-e 

fri. 0 2 (A) ic^jVr^-Slc r-^Vtii^^Xt 

y&, ufbfcf rx^y— v^yj tmstizmteT* 

-r— X7U3u 8 tfy hTtHtti^nSo 

[0 0 0 7] fg 2 ©fflSti. 1 X&^txJ^±^tTOtM 

x^ y i ^x^nohox?© 
fr©^wtati^ti5o 02 (b) ic^-r*? 



co^^ey ^^fX^o ft i o©«/Wicff2oort§ 

[0 0 0 8] CtD^2JK^«}g^, ^X^y^i^ 

10 3P#tcaE*STfeSo 1 OiD^bTIHIbX^ y— ■y*— *J 

fta&fc»*U£*£&l\> 0 2 (A) T\ m^ti 

££^3- KC fc^S/fvitt^- K A£rilNbTM£ 

Stc^MT^S(ifc«:«ti*'rSo 0 2 (A) 

20 tc" i/'jyw-F" £m£n&o cm±, x^o^s 

[0009] mm&, zLoi&j&coffi&te, i -^^^br 
f^bx^y-v^-^rt^^Mtto^to-t- F©g 

-tj. ffio^&tca. ffiv^ti^t/^o awfctjfoT. m 
[ooio] se.fc, x^«j-^-^iuo^ 

[0011] 

O^bTfnlbX^y— i/rtt:\ frZtte^xv^ 

>< ; ey«jfi«rffiiS t rsct"efcSo 

[0 0 12] 

H^ti, ^©«^^H , rsff«*iB* , rs^ ; &y**^ 

tufB^y it, 

^—zfrmfey Fi/x&ef2trr&fii i w&£ ; 
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ffl/ ^ * - £ Stf-r- £ *&SH let B'B T S a6 \c x rT 

cooi4] ^m(Dwm^mmjcm-Dr, sra^. 
2as#fc**rr£o 

[0 0 15] #S<0**W»cfjeoT, 2H<Of i»» 
[0 0 16] #S^SSM^^^T. §SFI^1» 

■5o ^^SSW-^oT. #SP*ofg l gBiH*. ^ 
[0 0 17] ^^y^^2^^^§^-^^r^ 

[0 0 18] ;*^y^P^|g2^^&£^-^?^ 
/^WI/^-FTl3^{t£tU ^LT, S-^^^bA 

[0 0 19] ^^y^^Z^^^Sr-^^ 
{fct"5^3:7*— McfeV^C. iufBr'—^tiKS^ 

-^?a-F£. 

-^€V(0S lfig«lc|g«2 tifc&^Uv h(DT Fl/X 
[0 0 2 0] Ccomsftmt^-VlcZs^T, 

taur § * ^ v &M<om 2 sbshc 3 ^ f # 



[0 0 2 1 ] 

0 3<D*&#'.Tefci\ "yiy^h.T^^T.^^'XDm^^S 
fct. ^ty(D^7 FWUcfB'fi^n^o cltl^^OV— F 

10 [0 0 2 2] ^UtDrtm^ "^-^l/CO^T^^nT 

i/^So 6m-?mmi£ titer fi^xt&d. m 

y ti 2 ^<o±&®«fc#9J2 ns 0 

[0 0 2 3] -pr^^X0^2ffi«tix SPfl B 1 . B 
2. B3^C^flJ2n&o ^rW *V7T" tn&o ^ 
y7Tte^V#tf£7Y UX fclB«S *v&^ X ^ U - > 

-&CTo x^y — v^n— i/coawtc^^^n^fi^?^^ 

%>/%v7T<D7 FUXti, **:V<DWZ 1 $g«Z 1 tcfBfi 

s^^rii, x^y— V±lC^^2nS:&<D?Tlc2tJS 
[0024] stcpiffltcti, fgiigf^z gSl tCT 7 

Fl/X0 0 00 h^^0 00 3 h^ ^ftW^JStt*^ 
t?o *RJ<0 1 6lf7h««7FbX000 0 h^ 
30 0 0 0 1 h IcfBH^nfcRSJ© 2/W Mi. ^7*;!/ h 

O^cDr'y^^Ffe^fii^^o "T^^Ffeti. 9 
5 1 2fe^jfi^-&t>^^i^^tiSo 

40 [0 0 2 5] £#W&JRttfci, 7F1/X00 0 2 hfc0 

o o 3 h tc. ±^bfc® i n^m^f-^^tsm 1 

M 1 >%v7T<D7 FlxXtiO 0 8 4 h7?&S 0 S 
lffi«Zltt. ZFl^XOOO 4 hi: 0 0 2 3 h tCfuS 
fe(0/^lyyh«r. fLT7Fl/X0 0 2 4 h^00 4 3 
hlcflfe^^^F^o c*i£<D/*W Mix 1 

b, 5 l 2fe©W^2/WhT^n 

so [0 0 2 6] 2;Wh©4»l±MSIt5©tffifflt 
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try Mi. X?OT38i:H«^ tua^^BoS:^^ 

CO 0 2 7] iiK^LT, fe^^tS^ibTSStCjlK 

JKg/^y Mi, 7FUX00 4 4 h^0 0 8 3 h^i 
tt«z l ' tcfEti^fu ®c i 6 3t?fMfe£H&- 1 6 3£ 

xtcfEt§2ti£o 

[0 0 2 8] #BafH^Z 2(D^ ; e i J^2MZ 2&. 
tftW^ B2. B 3^<DM&^T2>o 

t^5<e>t. ;*^y ^^w^r^M/tni. x^y — 20 
v±^^-rss:^ff©)«j?fc^si«"e*So #'^y 

:7r^ 3^<9^<0^— ^^tt^ : 
[0 0 2 9] -frOX^O^S^. x^y-vi^fio 

mOT3tti, ;Vy77BlTti7Fl/X0 0 
84h^009 1 h. /^y77B 2T'ti7KUX0 1 

0 2h^0 1 0 9 h, /Vy77B 3W7KI/X0 1 40 

1 8 h*>&0 1 2 5 ht*5o ^y7rli®c N rT^O 

^s^^^^w-To c^2SP^i. a^sns 
mm) %^t$ 0 m2®&&, Emc^-r^Mc. bk 

B 2 , B 3 Ztl^tU 7FUX0 0 9 2 h^0101 
h, 0110h^0017 hRtf, 0 1 26h^X 

[00 30] B 3 ©^7 7 r B 1 ^5 B 3 (DrtS*fxt 
04 (A) . (B) , (C) ^fflO^T, ^777*1 so 



[0 03 1 ] 04 (A) /^777B1 ©S^W h£r 
£/c#> ^777BUis 0 5<D?tR 1 <0*^£ 
00 8 4 ht0 0 8 5 h tcfBfi^nfcSI 1 A^;* — £ 

?tr i <DiBfiffl*8^ , rso i o try hoco^ 

frRlOg/f^SST. V. 7^f70i 

B»«f l/ify a y^lft^ffl^nfet^tti l it? 

f3Ht{frt?^£o ^y7rBl©S©2;Wbfc tT^h 

^X-^ A R S VStftT ^ hi 2 2^5 1 50AREV? 
ARSVfcAREV^ S^h^y^X^Iffl 

^^evic^r hV -y^XJB^IBM^n^o ±x^D^^ 

*—KE<Dm%mm&te-&Hi'znz>o c<om&. x^y 

;^7^-^ARS V^AR EV&cJ; 

[0 0 3 2] tf-y h0fr5 7©^^OBtt*lE1tt-£ 
M±. W^O«^a:^B*'&Cy»^<OVfy 

?©xy v^TJf ffc^FtoX ^ y - ;y ±^^?£)^f^J 

»ffifflt?^*ir^o —15, ws&fcsftsfc. Wets 
fflRT^feSo fflcotf^hti, (iffi/2 

7fy7^7r^ i y h*f«bmf^saH) 

^tct±. 9 X 1 31*£©V h y y ^XC0^ST\ s 
[0 03'3] M^C. &(DMiiV>mk<D}*v 
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<oy— v<Dm^^m'&*mmT&z £%^t*?%zs 

F^raty^Wl^— F ; 

^U;1/^~F£IrI«T\ Jg3/W FttttiraW&Stt^rS- 
[0 0 3 4] 1 Tli. m-W^ls)^— Y<0 

tlZ^vyTCDT FUXti, 7KUXO 0 88 h^00 

8 9 htefBWSnT^So #^SS0t|Tfci\ i5©RR2 

^0l02h^^7rB2^§ o CGD7Fl/7U£. 
0 4 (A) tc^rf cfc^fc: l i tr*y FTfES^tu 20 4 
8ffl©S&o;fcTFUX*StC£tf"??^So cnt*. 

£ Q Lt^U fcT*y F l 0fr£ l Stiffiffltn^l^T* 
4*n/W Fco^-tU AWS6T*So ^777 B l tf)Jg 

NCRWi?Mito Ctlf.^ ZFI/X0 0 9 

o h £ o o 9 i Mcgae^n^o f?R i i±5x? e 

M' , * e ' , 1 n ' , ' u * , ' 1 ' ) £ra tW£\ 

[0 0 3 5] A777B 1 O^BPiH*. 7KUX0 0 

9 2 h*^0 1 0 1 hlcBBB^tU ±MO<fc5^7l/ 
;^-FT*W^{fc;£*i£o tTR 1 

2/W FT*lB1t^tlSo tf*y F 0*p£ 7<D® 1/W 
hti^tiS, J?©3-F^ fc?>yF8fr£l 
5<D|g2/WF^ " B. P. 7Kl/X M Itt CSffi^ 

hJ&gt) ^fl, SIfe<D^l/7h07Kl/X* 
^T^o " F. P. 7KI/X" Mtt (£ffl/*U 

[0 0 3 6] FO?Wfl:fci. 0 5 OR 

r 1 ic7F-?&o\cmz-i£x&" u" tx.^" 1 - <om<D 

Ofe*^HfSC^35)^Rr^T«So 0 4 (B) /Vy 
77B 2<Df*g^*;SU |gl 7FI/X0 120 

h*>e»o 1 9 0 hlc^TTSo Jt3£ b/c/^y 7 rB l com 
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[0 0 3 7]12^U i/UZ^-FT^fk^n 
tl^o C<D?9H§{frE— FTW\ I! 2 gi^£D^U<0 2 A 
^ h &&mfflTrl±, 7FI/X01 lOh^Ol 1 1 h 

S/U^^Mttti, 2"2<Dfl^W&5 0 fflffifiO^Uy h 
<DT FUX^-g-tySuS^U^l/Stt^. Sffifeo^l/y 
F<07FUX«:-g'tyWffi^U7 T ;l'S , ft"C&So cft£2 

10 ^TTStr-y F*rSt? C^M, >f>'J^S) o 

[0 0 3 8] *^SS#ijTH3\ RR 2t±. 6S:*©#— V 

— F**tr&o ^y7;«tti i:2^y77B 2 tcia 

§ 0 Fti, /Vy77 B 2£D^2g|S»cOT Fl^X 

01 12h^01 17 hlcKBSnS/^f hkHE«2 
Mo L^U ^©ft^ao^^y-F^tfS-a't*: 

20 tLTSinSo ^y^i/^-Ff^ffcUu *fku 0 5<o 

[0 0 3 9] 0 4 (C) /^777B 3 Of^S^ , 
to 7 7 7 B 3 l±±iS©S 3 F^f-^Off^ft: 
£r*VTo K^7UM-F*£:^§o /^77B3<DS 

1 SP5Hi\ 7KUX0 1 1 8 hfr£0 1 2 5 htcfBM£ 

nr^oD. wci^vy7 7 b 1 fojgi Mfttmw 

^XTmV'^^-Z^ZSo M777B3^2« 

30 ffil?n5 0 Sl/UHi, X^n-F^C?o ^2/^ 
Fttl£3B/^U;l/Stt^^. S3/U Fti/^y^r 
B 1 icMMlsXfflCi&^rcrtlsy b7FUUXI^W 

7h (i2^Iizr ) ^Sl-£Tci6^ ^LT\ 

t>. f^jtowai^n-F^K-rscit^pigg^tse 

[0040] /Vy77B 3 0flSi, 0 5OffR 3 
Tt^o 05tOfTR4ti, 10(DX*3&t»^ 

50 § 0 
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[o o 4 1 ] 0 5 ^fusoewnfis: 

DKISC^mSo 05^b/ccfc^tc, 

[0 0 4 2] 0 6tt*5IWt«:fieofc. tT-r^v'X^A© 

:*-*y hDCUt^V^m^^yOS DRAM 
OSDRAMti. CPUfcDCUTftf^tlt 
*5tK 0 3&tfH4 (A) (B) (C) ICBI5* 

[0 0 4 3] 7y^7^tX^€UOSDRAM^ 
3 0<D/^XlC £ D ^ D ^ a -fe y iJ-gf CPU ICS 

MlcjfeST' Fl^X/^X 
[0 0 4 4] 

Wi] 

B@l 

[0 0 4 5]. f^*^-— y h C PU^bTM^aiUT 

/ M# W L Xfc* • £ ^ T 7 ^ -fe X£r fr 5 & c 
n^tn^vF/UBClt^So ^^XAT^-feX 
^'JOSDRAM^ ^^eU^\fB3^^ T FUX;U 
[0 0 4 6] 

B@2 

[0 0 4 7] ^TjkMW^^- V h^fnJ^^X—^^^X 
B D 2 lc J; «9 S/T^ W^- 7 h D C U ^ iSt § o 
yhDCUti. ^R£. OS DR AMtcM^ttJLT 7 

[00 4 8] Mffila-yhDCUiDtS^ ^UOS 
fcTfeSo fbt, If^v-X-^A^X^U-Vitc^: 



^XtcWJ&r&T 7 Kl^Xtc^tiST^^n^^^n- F 
l±, 9X1 3Xli 18X2 6S*^"efHtS^n5o D C 
Utf^l ©KSJfciu HutcfHxE^tv^XCCJgr^LTS:^ 

[0 0 4 9] ZZIC. «^S"JW^-— y bDCUti, Hig 

10 eit^UAC^ Jg^Mtt^BS-TS/^XA Ff* 
£o Mft^^X^^eUOS DR AM^SlSB^Z 1 
icfBti^nfcfe^W h W^X£I^C1^X*&0 0 
^tUi. ^WhOSA\ ^€UOSDRAM©tftO 

[0 0 5 0] o.-*y FDCim. ^^t^*^ 

•r^fc46tc N pC^rUO S DR AM©®2^SH£|Btt£*i 

20 — yhDCLUi, FT Fl/X^U 

[0 0 5 1 ] 
W3] 

B@2 

[0 0 5 2]TiMD. ^l/7>Ofig^UBD2^f 

JStt (M^H toi?^^ c oittT^i? tit 
[0 0 5 3] iao^tyF^t'JROMll ^ 

tcMjs-rs'vhy ^x^\ ^hu^REG^e 

Sf-TSo ^7hUyx*REGtt, t:*y hC^kl^hU 
y^XO^v^B^Xn^^PP^esrrSo Big 
Xu-tr^y-^P P«, ^nefta^nfc^ffiT, /UAC 
£ A FlcJ;93M£ftrccnt©-r— hfcfflfflltfy 

40 

[0 0 5 4] ii7a^7ltPP^ feStt*DfeStr*y 
FtDfigiaD, iBjiX^>^v^«rjKi*t"5if Aff^ 
FBW1U }f Afl^-F Bte. e-r^fl^-cDit^D 
S^n&^XF<Oi?AsEU\ tfr^fl^HT^ 
W^e— F^-r^XhO^^rRT^fc-rSo MU^-^ b 

CPT l a;t)^^o ^ItfeB^v^CPT Hi. 
50 ^y >7 At! C KtC. 7K I P[l]^{f -^H Sync 
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y hA^R a zicy^-jis^mmm^v s y 

n c ^ftt^o ffl^H Sync^V Syncli, i 

« (pal, sec am) T^f^mmtmmttn^ 
mmm.5 oHz^mcisfcmmzvys/H Pi 

S y n c^SttSo 

[0 0 5 5] ±3£Lfcg@(9iMm. #»WfcltrRE>X 10 

U ffUXT^y^i:. C PUtcJcDfi^tU 7^A7 
^■feX^^'J O S D R AM* 2 0CDSP^y5„ IP 

^y <o» 1 9»©fls^ft$n5« a^»J»^.- 
[0056] ^xf^y^, ®a^i*^n§ss]o 

^az^hCPUtSSBiaz -yhDCU 
¥fi^. X ^ y - M-^ifltO?^^ t 'J O S 

dr AM^ists^ns^-effif^-rso 30 

[0 0 5 7]— 75\ aryhDCUti, *HS*TSf5^X 

&<D/^y:7rB!P^ ^ffiO/^^^rOT^ItcD cut: 
<D/%y7 7(D n yr<DT KUX tt 7*—J]/\*\c 

^?nt^57 Kb^ejsss^tyos dr amic 

5/^^77^S5tl5St';W^lt«<o ^-^h 



[0 0 5 8] x^y — V-S— ^^^ftt^O^SPI 
a-yhDCUa, y h C P UOf^fiHb 

ic x ^ y - >?*a^-r s ^- * £r#&v ^77705 

fil*;l/-7lt©j-§o coSHc CPUti. Sit 
fftoffis^rfT^^o sufb^x^y — e/^s 

^ti/c£$tai\ ttM<om 1 Xf7^cS§o X^y 
- V-?- ^fi^St^T S <D H T Z> 7 s — $ -r s 
^777lcJ:Dliilfc^ #/^y^rtc. 

tibicx^ y - y^>>Hciti)M^ 7 h^gfrs 

[0 0 5 9] 

imm^hm *mR\c&ni£, 1 o^briwibx^ 
y— >^-$^n?. ?t <_ t ic ^w^m 

T\ ^Sflatc^oT^^eysra^rRjaSfbT^S^-^X^y 

[ail ^^s^nrct ^tc^utr^a >x^y — 
[is 2] ^^s«"eai^n^2 0(Djgs^ty«3e 
[8 3] *^si-efffi?n^7y^A7^tx^ 
[8 4] 8 3^-r^-tyto^s^tort^piffl^ 

[0 5] *^^<fcSSW£:J;oTX^^*r5 1 o 

[8 6] ^mnic&%^(Dm^mmT%mw&^'?' 

1 tf-r^iH* 

2 ^sajs-rsffi* 

3, 4 

5, 6 RT^-f X(D3t* 

1 0 iifttDfT 

2 0ft 

2 1 -rUtfS/a VCOX^y — V±^S^^*ifcH« 
1 0 0 

DCU g^Wa- 7 h 

CPU ^n^n-tr ylfazy h 

R 1 , R 2. , R 3 It 

Z 1 S 1 ffi« 

Z2 ^2tg« 
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[HI ] 




CH2] 
t 



a|c|a|c|a|c|a|cJ~ 



(A) 



[H33 




a|c|c|c|c|c|a|c|c 



(B) 



Address 




OOOCh 
0003h 




0004h 
00231i 




0024h 
O043h 




0044H 
0063 h 




0064h 
OQ83h 




0084h 
0091 h 


m^^9 * — 9 X CFJBte 


0092h 
0101h 




0102h 
0109h 




OHOh 
0117h 




0118h 
0125h 




0126h 
XXXh 









Z1 



tA) 



Z1* 



B1 



B2 



B3 



(B) 



Z2 



(C) 



[1^4] 



0084h 
OOftSh 



008th 
0QS7h 



OOMh 
OOPIh 



0092h 
OQ9)h 



OOMh 
OOMh 



OtOih 
0105h 



OlOfih 



OlOfth 
010»h 



OHOh 
P111H 



011 lh 

Q117H 



011 9h 
C12Dh 
fr121h 



C122h 
0123H 



0124h 
0125h 



012lh 
Oljlh 



0130h 
Ot31h 



15 14 13 12 11 1019 B 7 6 5 4 3 2 1 0 



13 14 13 12)11 10 9 a | 7 8 5 4 3 110 



15 14 13 12 11110 9 0 7 0 5*3210 



13 14 13 12 11 101 9 8 7 i 5 4 3 2 t 0 



7 ft 5 * 3 2 1 0 

*=£?-K_ l 

K 2 

3^-K~ 3 



15 14 13 12 11 W I B B 7~ 6 S 4 3 2 I 0 



T5 14 13 12]11 10 9870543210 

* rev | ai»v ftvmcomfe 



15 14 13 12 11110 9~B 7 5 5 4 3 2 10 



15 14 13 12 11 101 9 B 7 Q 5 4 3 2 1 0 

TTs* 



15 14 13 12 11 10 9 S • 7 e $ 4 3 2 1 0 
;»=*-K 2 1 



V 6 



■K 3 



15 14 13 12 11 10I 9 ft 7 S 5 4 3 2 1 0 



15 14 13 12111 10 9 ft | > S 5 4 1 ' 3 2 1 0 
15 14 13 12 11110 9 B 1 S S 4 ' 3 7 ~ 1 0 



15 14 13 12 11 101 9 578543210 



S 14 13 12 11 10 9 B I 7 8 5 4 3 2 1~ 0 



X^=i— > Mo. «c« 



Mo. NCR 
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[05] 



21 



M 


e 


n 


u 


1 




R4 



R1 
R2 



R3 



CPU 



100 



OSDRAM 



RS 

I 



I 



-BD2 



DCU 





CK < 


CPT1 


RAZ 






CK < 


CPT2 


RAZ 



H Sync 
— V Sync 
H Pix 
H Sync 



CC- 



AC A 



^AF 



ROM 



REG - 



PP 



*R 
►G 
"B 



